Reactions of 2-hydroxybenzophenones 7a-c and 2-sulfanylbenzophenones
Introduction
The homologation of aldehydes and ketones by the insertion of a carbon atom next to the carbonyl group is an important transformation in synthetic organic chemistry, and one which has been extensively investigated. Available methods for the insertions of a single carbon carrying
Results and Discussion
Intermediates 9a-h were prepared by the reaction of 2-hydroxybenzophenones 7a-c with compounds 8a-c (available from aldehydes, benzotriazole and thionyl chloride in 87-96% yields 6 ) similar to published procedure, 3, 7 but in the presence of anhydrous potassium carbonate as a base instead of sodium hydroxide in DMF solution at 20-25 °C. Intermediates 9a-h were treated with an equimolar amount of LDA in THF at temperatures ranging from -78 °C to 0 °C to give the corresponding lithium salts of 2-(benzotriazolyl)-2,3-dihydrobenzofuran-3-ols 10a-h 3 (mixtures of diastereoisomers according to TLC analysis; for 9a, a single isomer was observed), which were treated without isolation with 2-3 equivalents of zinc bromide in 1,1,2,2-tetrachloroethane under reflux for 24 h to give new products. The 1 H NMR spectra of these products show no signals corresponding to those assigned to the Nsubstituted benzotriazole groups of intermediates 9a-h (7.2-8.1 ppm). The 13 C NMR spectra of these compounds also no longer show signals for a N-substituted benzotriazole group (in this particular case our assignments were based on signals with chemical shifts around 120 ppm and 146 ppm) and carbonyl carbon (in the range 195-196 ppm) of 9a-h.
The product carbonyl signals appear at 178-180 ppm rather than at 190-200 ppm as would be expected for compounds of type 5. 8 This suggests that zinc bromide promoted rearrangement of 10a-h results in the migration of an alkyl group to give 3-alkyl-3-aryl-substituted 2,3-dihydrobenzofuran-2-ones 11a-h rather than 2,3-dihydrobenzofuran-3-ones 5 (X = O).
Compounds 11a-h were obtained in 41-70 % yields. Intermediate lithium salts of 2-(benzotriazolyl)-2,3-dihydrobenzofuran-3-ols 10a,c were treated without isolation with 2-3 equivalents of zinc bromide in THF at 150-155 °C for 1-2 h in a sealed tube to give 11a,c in 95% and 42% yields, respectively. The initiation of the rearrangement usually can be observed by the formation of a suspension (benzotriazole / zinc bromide complex). Unexpectedly, the treatment of 2-benzotriazolyl-2-methyl-3-phenyl-2,3-dihydrobenzofuran-3-ol 10a with zinc bromide (2.5 equivalents) in THF solution at 150-155 °C for 1 h in a sealed tube gave exclusively 2-methyl-3-phenylbenzofuran (12) 3 in 65% yield. The 1 H and 13 C NMR data for 12
are identical with those reported in the literature. 3 The mechanism of transformation 10a → 12 is unclear and may involve the reduction of 10a by bromide anion. We isolated intermediate 10a (82%, single isomer) to support the proposed reaction pathway (Scheme 2). The structure of 10a was deduced from its 1 H NMR, 13 C NMR spectra (see experimental section). The 1 H NMR spectrum of 10a shows no signals assigned to ethoxy group protons of 9a (doublet at 1.8 ppm and multiplet in the range 6.92-7.08 ppm), but shows a singlet at 1.77 ppm assigned to the 2-methyl group and a singlet at 3.03 ppm assigned to the 3-hydroxy group of 10a. The 13 C NMR spectrum shows no carbonyl carbon signal, while two new signals at 106.0 ppm and 86.7 ppm were assigned to C-2 and C-3 carbons of the 2,3-dihydrobenzofuran ring. Following our previous work, 4 intermediates 14a-h were prepared from 2-sulfanylbenzophenones 13a-c and compounds 8a-c in the presence of anhydrous potassium carbonate in DMF at 20-25 °C under a nitrogen atmosphere. On treatment with an equimolar amount of LDA in THF at temperatures ranging from -78 °C to 0 °C, 14a-h give the corresponding 2,3-dihydrobenzothiophen-3-ols 15a-h 4 as mixtures of diastereoisomers (for 14d, the single isomer 15d was isolated). We isolated and characterized intermediates 15c (two diastereoisomers, (2R*,3R*) 15c' and (2R*/3S*) 15c'', were isolated with approx. ratio 56:44) and 15d (single isomer) to support the reaction route described. The structures of 15c', 15c'' and 15d were deduced from their 1 H and 13 C NMR spectra (see experimental section). For both isomers of 15c, the 1 H NMR spectra no longer show the doublet at 2.06 ppm corresponding to methyl protons of S-ethyl group in 14c, while new signals, singlets at 2.58 ppm (15c') and 2.04 ppm (15c''), were assigned to 2-methyl groups in 15c. The disappearance of the singlet signals at 3.05 ppm (15c') and 4.21 ppm (15c'') in the spectra of diastereoisomers 15c after the addition of D 2 O suggested the presence of hydroxy groups. In the 13 C NMR spectra of diastereoisomers 15c, the signal at 195.8 ppm corresponding to the carbonyl group in 14c, as well as a signal at 62.4 ppm assigned to the carbon between benzotriazolyl group and sulfur in 14c are no longer present. The new signals at 90.2 ppm, 87.5 ppm in 13 C NMR spectrum of the major diastereoisomer 15c', as well as at 90.3 ppm, 86.3 ppm in the spectrum of the minor isomer 15c'', were assigned to the C-2 and C-3 carbons of the 2,3-dihydrobenzothiophene ring in 15c.
Compounds 15a-h were treated without separation or further purification with 2-3 equivalents of anhydrous zinc bromide in 1,1,2,2-tetrachloroethane at 100-110 °C for 0.3-2 h to give the corresponding 2,3-dihydrobenzothiophen-3-ones 16a-f admixed in two cases with the benzothiophenes 18g,h.
The structures 16a-f were deduced from their 1 H and 13 C NMR spectra (see experimental section To optimize the procedure, compounds 14b,c,g were treated with LDA (1 equivalent) in THF at temperatures ranging from -78 °C to 0 °C followed by addition of anhydrous zinc bromide (2-3 equivalents) to lithium salts of 15b,c,g formed and rearrangement at 90-100 °C for 0.5-2 h in a sealed tube. These rearrangements, unlike the previous in tetrachloroethane, gave three pairs of products. For compounds 14b,c, one of the products was identical to 16b,c according to NMR data. 3-Alkyl-3-aryl-2,3-dihydrobenzofuran-2-ones are important intermediates for the synthesis of the anti-cancer compound diazonamide A, 9 analgesics 10 and antidepressants. 10 3-Alkyl-3-aryl-2,3-dihydrobenzofuran-2-one derivatives also possess antispasmodic, 11 antihypoxic, 12 and nootropic activity. 12 Previously reported synthetic routes to 2,2-disubstituted 2,3-dihydrobenzofuran-3-ones include (Scheme 4): (i) condensation of phenols with (a) 2-hydroxycarboxylic acids 13 or (b) acrylic esters; 14 (ii) hydrolysis -cyclization of 2-methoxyphenylacetonitriles in the presence of hydrobromic acid; 10 (iii) acid-catalyzed condensation of phenols with 2-oxo-carboxylic acids; 15 (iv) oxidative decyanation; No preparation of 3-alkyl-3-aryl-2,3-dihydrobenzothiophen-2-ones has been previously reported.
In summary, an efficient and simple route to 2,3-dihydrobenzofuran-2-ones 11 and 2,3-dihydrobenzothiophen-3-ones 16 has been developed from 1-(1-chloroalkyl)benzotriazoles and appropriate 2-hydroxybenzophenones and 2-sulfanylbenzophenones via the rearrangement of intermediates 10 and 15.
Experimental Section
General Procedures. Melting points were determined on a hot-stage apparatus and are uncorrected. NMR spectra were recorded on a Varian Gemini 300 spectrometer in CDCl 3 with TMS as the internal standard for 1 H (300 MHz) or a solvent as the internal standard for 13 C (75 MHz). The elemental analyses were performed on a Carlo Erba EA-1108 instrument. DMF was dried over molecular sieves. THF was dried over sodium / benzophenone and used freshly distilled. LDA was used freshly prepared from n-butyllithium and di-iso-propylamine. Di-isopropylamine was dried over calcium hydride. Column chromatography was conducted with silica gel 200-425 mesh.
X-Ray crystallography. Data were collected with a Siemens SMART CCD area detector, using graphite monochromatized MoKα  radiation (λ = 0.71073 Å). The intensities were corrected for Lorentz and polarization effects and for absorption. 23 The structure was solved by direct methods using SHELXS 24 and refined on F 2 , using all data, by full-matrix least-squares procedures using SHELXTL. 25 All non-hydrogen atoms were refined with anisotropic displacement parameters.
Hydrogen atoms were included in calculated positions, with isotropic displacement parameters 1.2 times the isotropic equivalent of their carrier carbons. The crystal data and refinement details are listed along with the other data for the compound. 
Phenyl(2-sulfanylphenyl)methanones (13a,c

General procedure for the preparation of 11a-h
To a stirred solution of the intermediate 9a-h (1.0 mmol) in THF (10 mL), a solution of LDA (0.6 mL, 1.2 mmol, 2M) was added at -78 °C and the reaction mixture was stirred for 12 h at temperatures ranging from -78 °C to 0 °C. (In the case of 9a, saturated aqueous ammonium chloride (20 mL) was added and the product 10a was extracted with ethyl acetate; the extract was washed with water, dried and concentrated in vacuum. Intermediate 10a was isolated using column chromatography on silica gel). Then a solution of anhydrous zinc bromide in THF (2.0-3.0 mL, 1M) was added followed by the addition of anhydrous 1,1,2,2-tetrachloroethane (30 mL) and THF was distilled off at normal pressure followed by reflux for 12-24 h (under nitrogen atmosphere). The reaction progress was monitored by TLC analysis. Upon completion, chloroform (20 mL) was added to the reaction mixture and it was washed with dilute hydrochloric acid and then with water. The organic layer was dried over magnesium sulfate and evaporated under vacuum. The product was purified by column chromatography to give 11a-h. The rearrangement of zinc reagent of 10a in THF using a sealed tube. A solution of butyllithium in hexanes (0.7 mL, 1.12 mmol, 1.6 M) was added to a stirred solution of 10a (0.34 g, 1 mmol) in THF (10 mL) at -78 o C followed by the addition of a solution of anhydrous zinc bromide in THF (2.5 mL, 2.5 mmol, 1M) under a nitrogen atmosphere. The reaction mixture (slurry) was allowed to warm to 20-25 o C and was transferred to a sealed tube. The reaction mixture was stirred at 150-155 o C for 1 h. Then, the mixture was cooled down to 20-25 o C and filtered. The filtrate was concentrated in vacuum and the residue was purified by gradient column chromatography on silica gel using ethyl acetate / hexanes (1/20) to give 11a (0.21 g, 93 %) as a colorless oil.
2-(1H-Benzotriazol-1-yl)-2-methyl-3-phenyl-2,3-dihydro-1-benzofuran-3-ol (10a
5b,28
The preparation of 2-methyl-3-phenylbenzofuran (12). A mixture of 2-benzotriazolyl-2-methyl-3-phenyl-2,3-dihydrobenzofuran-3-ol 10a (0.34 g, 1 mmol) with anhydrous zinc bromide (0.9 g, 4 mmol; additionally dried by heating at 220-225 
General procedure for the preparation of ortho-substituted benzophenones 14a-h
To a stirred solution of 13a-c (4.0 mmol) and 1-(1-chloroalkyl)benzotriazole 8a-c (5.0 mmol) in DMF (20 mL) under a nitrogen atmosphere, K 2 CO 3 (0.83 g, 6.0 mmol) was added at room temperature and the reaction mixture was stirred for 4 h. After starting material 13 had disappeared, iced water was added slowly and a product was extracted with ethyl acetate. The extract was dried over magnesium sulfate and evaporated under vacuum. The residue was purified by column chromatography using ethyl acetate / hexanes mixture to give pure 14a-h. Chloroform (20 mL) was added to the reaction mixture. The mixture was washed with dilute hydrochloric acid (5%, 30 mL), and then with water. The organic layer was dried over magnesium sulfate and evaporated under vacuum. The residue was purified by column chromatography using mixture of hexanes / ethyl acetate as an eluent to give the corresponding 16a-f. (2R*,3R*)-2-(1H-Benzotriazol-1-yl)-6-methoxy-2-methyl-3-phenyl-2,3-dihydro-1-benzothiophen-3-ol (15c'). 
(2-{[1-(1H-Benzotriazol-1-yl)ethyl]sulfanyl}phenyl)(phenyl)methanone (14a
General procedure for the preparation of benzothiophenes 18g,h
By following the same procedure described for 16a-f, benzothiophenes 18g,h were prepared from 14g,h respectively. General procedure for the preparation of 16b,c,g and 17b,c,g To a stirred solution of the intermediate 14b,c,g (1.0 mmol) in THF (10 mL), LDA (0.6 mL, 1.2 mmol, 2M) was added at -78 °C and the reaction mixture was stirred for 12 h at temperatures ranging from -78 °C to 0 °C (under nitrogen atmosphere). A solution of anhydrous zinc bromide in THF (1M, 3 mL, 3.0 mmol) was added to the reaction mixture. The reaction mixture was transferred to a sealed tube and stirred at 90-100 °C for 1-2 h (a suspension of benzotriazole / zinc bromide usually appears at 80 °C). The reaction mixture was cooled down to 20-25 °C and filtered. The filtrate was concentrated in vacuum. The residue was subjected to column chromatography using a mixture of hexanes as an eluent to give corresponding 16b,c,g and 17b,c,g. 2-Ethyl-2-phenyl-1-benzothiophen-3(2H)-one (16b). Yellow oil (20%); identical with compound 16b prepared following the procedure for 16a-f. -3-phenyl-1-benzothiophen-2(3H)-one (17b) 
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